Objective: Recent data suggest stroke incidence is decreasing over time, but it is unknown whether incidence is decreasing in women and men to the same extent.
Results: Over the 4 study periods, there were 7,710 incident strokes; 57.2% (n 5 4,412) were women. Women were older than men (mean 6 SE 72. 4 Conclusions: Decreases in stroke incidence over time are driven by a decrease in ischemic stroke in men. Contrary to previous study periods, stroke incidence rates were similar by sex in 2010. Future research is needed to understand why the decrease in ischemic stroke incidence is more pronounced in men. Neurology ® 2017;89:990-996 GLOSSARY ARIC 5 Atherosclerosis Risk in Communities; GCNKSS 5 Greater Cincinnati/Northern Kentucky Stroke Study; ICD-9 5 International Classification of Diseases-9; ICH 5 intracerebral hemorrhage; mRS 5 modified Rankin Scale; SAH 5 subarachnoid hemorrhage.
To accurately assess the public health effects of stroke and to effectively reduce stroke mortality, it is crucial to understand epidemiologic differences between women and men. Because of an increased lifetime risk of stroke as well as worse functional outcomes following stroke, [1] [2] [3] [4] women may be affected disproportionately by stroke; for these reasons, epidemiologic differences by sex are especially important to investigate.
Though previous literature has consistently shown that age-adjusted stroke risk is higher in men, [5] [6] [7] women face a higher lifetime risk of stroke compared with men due to longer life expectancies. Overall stroke incidence has been decreasing over time, 8 but whether there are sex differences in temporal trends of stroke incidence is less clear. The fact that stroke has declined to the fifth leading cause of death for men but remains the fourth leading cause of death for women suggests that stroke incidence may be decreasing faster in men compared with women. 9, 10 In addition, some reports indicate that case-fatality may be decreasing more in men than in women. 5, 11 Recent decreases in stroke incidence are likely a result of improved control of risk factors, including hypertension, diabetes, dyslipidemia, and smoking. 11, 12 Given known sex differences in risk factor profiles, understanding temporal patterns in the prevalence of stroke risk factors by sex is necessary to reduce stroke incidence and mortality in both sexes. Recently, more attention has been paid to stroke prevention in women as demonstrated by published guidelines for approaches to managing stroke risk factors that are more prevalent in or unique to women. 13 It is unknown whether sex-specific prevention strategies are being implemented routinely or if they are effective.
Our primary study objective was to determine whether stroke incidence has been decreasing over the past 16 years to the same extent in women compared with men. Our second objective was to investigate 30-day stroke case-fatality rates over time by sex. A third objective was to compare the prevalence of stroke risk factors and related medication use between women and men over time as potential contributors to sex differences in stroke incidence.
METHODS Study setting/population. We used data from the Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS), a population-based study of a largely biracial population of approximately 1.3 million people who reside in a 5-county region of Southwest Ohio/Northern Kentucky. All first-ever strokes among adult ($20 years old) residents of the region were ascertained during 4 study periods: July 1993 to June 1994, and calendar years 1999, 2005, and 2010. All cases presenting to the acute care hospitals in the study region (14-17 hospitals depending on the study period) were included and identified using ICD-9 codes 430-436. Cases not identified through hospital records were ascertained through records from the region's public health clinics, hospital-based outpatient clinics, and coroners' offices, as well as through sampling of primary care offices and nursing homes in the study region, according to a predefined scheme. All cases of stroke during the study periods were verified by study physicians. Cases of TIA were excluded. Methods for case screening and verification remained consistent across all 4 time periods. Further details regarding the GCNKSS methodology have been previously published.
14 This study was approved by the institutional review board at each participating hospital during each study period.
Stroke incidence. Sex-specific incidence rates per 100,000, adjusted for age and race, and standardized to the 2000 US census population were calculated for overall stroke and for the individual stroke subtypes ischemic stroke, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH) during each study period. For our main study outcome, trends in incidence rates by sex were compared over time and specifically between 1993/1994 and 2010.
Case-fatality. Case-fatality was defined as death from any cause within 30 days of incident stroke. Deaths were verified using a combination of death certificate data from the Ohio and Kentucky Departments of Vital Statistics and the national Social Security Death Index. If death was reported during the index hospitalization, the state mortality sources or Social Security Death Index was used for corroboration. Sex-specific case-fatality rates, adjusted for age and race, were calculated for all stroke subtypes and for specific stroke subtypes (ischemic stroke, ICH, SAH) for each of the 4 study periods.
Stroke risk factors. Data on the prevalence of stroke risk factors and medication use were taken from our general population survey (a random-digit dial survey) conducted during each of 4 study periods: 1995, 2000, 2005, and 2011. The survey sampling design, using predefined quotas, is such that survey participants' characteristics (sex, race, age) are representative of the GCNKSS ischemic stroke study population. Detailed methodology regarding the survey has been published previously. 15, 16 Survey respondents were asked to report whether they were ever diagnosed with common stroke risk factors and whether they were currently taking medications to control certain conditions. We examined the proportion of women vs men who reported having the risk factors hypertension, hypercholesterolemia, diabetes, heart disease, prior stroke/TIA, and current smoking and who reported using antihypertensive medications, lipid-lowering agents, and aspirin. Data on warfarin use were available only in 2011.
Statistical approach. Demographics. Demographic characteristics by sex were compared over time in years, using a general linear model. A Tukey-Kramer adjustment was used to control for multiple comparisons across years.
Stroke incidence. Incidence rates with 95% confidence intervals were estimated using the age-, race-, and sex-specific raw counts from the GCNKSS as the numerator. The denominator was the population age-, race-, and sex-specific estimate for the appropriate study year for the 5-county area. This rate was adjusted to the 2000 US census. 17 The primary comparison was the change in incidence between 1993/1994 and 2010. We also compared sex-specific incidence rates between adjacent study periods (1993/1994 vs 1999, 1999 vs 2005, and 2005 vs 2010) . Due to these 4 multiple comparisons, p values were adjusted using a Bonferroni correction. To compare the trend over time between women and men, a general linear model was used with an offset of the log of the population size.
Case-fatality. General linear models adjusted for age, race, and year were used to examine changes over time and the difference between women and men; the model assumed a Poisson distribution with a log link. A Tukey-Kramer adjustment for multiple comparisons was used when examining differences between women and men for case-fatality at each timepoint.
Risk factors. Generalized linear models were used to assess overall trends over the 4 study periods by sex for each risk factor, medication, or demographic variable, and to compare women vs men at each timepoint; Tukey-Kramer adjustments were used to control for the multiple comparisons. Interaction terms of sex by year were included.
For all analyses, testing was 2-sided, and p , 0.05 was considered significant (an adjusted p value when noted due to multiple testing). Data analyses were performed using SAS, Version 9.4 (SAS Institute, Cary, NC). Further details regarding statistical methods are in the supplemental data at Neurology.org. Table 1 shows baseline characteristics by sex. Across the 4 study periods, there were 7,710 incident strokes, 4,412 (57.2%) of which occurred in women. On average, women were older in each study period; the overall mean age for women was 71.6 (SD 15.1) vs 67.3 (SD 14.1) for men (p , 0.001). Overall, the proportion of black patients was similar by sex (women, n 5 880, 19.9% vs men, n 5 602, 18.3%, p 5 0.91). Overall, a smaller proportion of women had prestroke modified Rankin Scale (mRS) scores of 0 or 1 than men (n 5 2,429, 55.1% vs n 5 2,311, 70.1%, p , 0.0001).
RESULTS
The decrease in incidence of all strokes (table 2, figure) over time was significant only in men. There was a decrease in incidence between 1993/1994 and 2010 for men (263 per 100,000 in 1993/1994 to 192 per 100,000 in 2010, p , 0.001) but not for women (217 per 100,000 in 1993/1994 to 198 per 100,000 in 2010, p 5 0.15). The year by sex interaction had a p value of 0.10. In 2010, incidence of all strokes was not different between women and men (p 5 0.50). The decrease in incidence of ischemic stroke over time was significant only in men. There was a decrease in incidence between 1993/1994 and 2010 in men (238 per 100,000 in 1993/1994 to 165 per 100,000 in 2010, p , 0.001) but not in women (193 per 100,000 in 1993/1994 to 173 per 100,000 in 2010, p 5 0.09). The p value was 0.07 for the year by sex interaction. There was no difference in incidence of ischemic stroke between women and men in 2010 (p 5 0.31). ICH and SAH incidence did not decrease over time between first and last study periods in women (p 5 0.99 and p 5 0.70, respectively) or men (p 5 0.46 and p 5 0.16, respectively). There were no significant differences in casefatality over time (table 3) in either sex or between women and men within each study period for all strokes, for ischemic strokes, or for SAH. Table 4 mellitus, and hyperlipidemia increased, and current smoking decreased; these trends were significant in both women and men across the 4 study periods. Use of warfarin was 6.4% in women and 7.1% in men in 2011.
DISCUSSION Data in recent years have shown a decrease in mortality from stroke, thought to be largely due to decreasing stroke incidence over time. 5, 8, 11 Our study findings, however, show that the overall decrease in stroke incidence over time is primarily driven by a decrease in ischemic stroke in men. Like previous data, 7 our findings show that age-adjusted stroke incidence was higher in men between 1993 and 2005; however, in 2010, stroke incidence rates were similar between the sexes, a critical and novel finding of this study. The similar incidence rates in women compared with men in 2010 may be a result of a more substantial decrease in stroke incidence in men than women over time. Our findings are in line with recent data from the Centers for Disease Control and Prevention showing that stroke has decreased to the fifth leading cause of death for men yet remains the fourth leading cause of death for women. 9, 10 Though case-fatality is another possible contributor to the difference in stroke mortality between women and men, our findings suggest that there is no significant difference in case-fatality by sex and that there have been few significant temporal changes in stroke case-fatality either in men or in women.
Our findings conflict to some degree with other studies, though these differences may be due largely to study design. Carandang et al. 5 used the Framingham cohort and found no difference by sex but only looked through 2004, while our study includes data through 2010. The Atherosclerosis Risk in Communities (ARIC) study, a prospective cohort study, included data through 2011 and found no sex differences over time; however, it is important to note that both the Framingham and the ARIC study are cohort studies and did not investigate all strokes in a defined geographic population as ours did. 5, 8 Cohort studies are also prone to other biases including participation bias. A third study, the Oxford Vascular Study, was designed as a population-based study but was limited by power and only looked at incidence rates through 2004. 12 Interestingly, though, their results indicate that the decrease in stroke incidence in men was more dramatic than the decrease in women. 12 Contributors to the differential decrease of stroke incidence in men compared with women are unclear. Contrary to our initial hypothesis, our analysis of survey data shows that common stroke risk factors have been increasing in both sexes in our population. This Table 4 Greater contrasts with recent findings from the Framingham study, which reported a decrease in hypertension and hyperlipidemia over time. 18 The discrepancies between the Framingham study and our study include a significant difference in the racial and socioeconomic distribution of the study population and differences in how vascular risk factors were defined. The Satizabal study operationalized hypertension and hyperlipidemia using numeric physical examination and laboratory values, whereas our study used a patient-reported history of risk factors. In addition, the sample for the GCNKSS survey was designed to represent the population at risk for stroke according to age, race, and sex, which may affect risk factor prevalence. It is unknown whether our findings of increasing prevalence of stroke risk factors are due to a diagnosis bias or if disease prevalence has truly increased. We also do not know whether risk factors such as hypertension are being controlled equally effectively in women and men; previous data indicate that even when treated with antihypertensive medications, women are less likely to meet blood pressure targets. 19, 20 Another possibility is that the same degree of risk factor control is associated with a different level of risk in men compared to women, as appears to be the case for diabetes in women. 21 It will be important to conduct further research on the driving factors behind the decreasing stroke incidence in men, as such factors could potentially be applied to women as well. We also analyzed self-reported use of medications that help control stroke risk factors and found that both men and women have increased their use of antihypertensives, lipid-lowering medications, and aspirin over time. Though aspirin use doubled over time in women, fewer women than men reported aspirin use overall, a potentially concerning finding given knowledge that aspirin is recommended for women (but not men) 55-79 years old for primary prevention of ischemic stroke. 22 This is an opportunity for further research.
Another potential contributor to the greater decrease in stroke incidence in men compared with women is a change in our study population over time. The proportion of patients who were functionally independent as indicated by a baseline mRS of 0 or 1 decreased significantly over time and appears to have decreased more in women than men. Reasons for this are unclear, though it may be driven by the functional status of older women. In addition, we observed a significant decrease in the mean age at time of stroke over time in both women and men and a consistent difference between sexes at each timepoint; women were always older at stroke onset. If mRS is considered a surrogate for other measures of health including comorbidities or frailty, our data may indicate that our study population in 2010, especially women, were in worse health and at higher risk for stroke than in other study periods.
Our finding that the incidence of hemorrhagic stroke did not change significantly over time is consistent with other literature. 23 Reasons for this are unclear, but the protective effects of increased use of antihypertensive medications might be attenuated by the increased use of antithrombotics, leading to no net change in incidence. 24, 25 Our use of self-reported survey data to measure stroke risk factors may lead to an underestimate of the true prevalence of stroke risk factors; such an underestimate may limit our understanding of how stroke risk factors over time influence differential changes in stroke incidence by sex. It is also possible that stroke risk factors such as hypertension and diabetes are less wellcontrolled in women or that women have an underlying longer duration of such diseases, but our self-reported survey does not capture these data. Our survey instrument does not include items about risk factors unique to or more prevalent in women including atrial fibrillation, exogenous hormones, and migraine that could be changing over time and affecting stroke incidence in women. Other risk factors for which we could not account but that may affect stroke incidence in women more than men include depression and psychosocial stressors. Finally, we do not have data on the sex and demographic characteristics of participants who declined to participate in the survey.
Further discussion regarding changes of stroke incidence between adjacent study periods and of the contribution of factors such as education level of participants and changes in dietary supplements can be found in the supplemental data.
We found that the decrease in overall stroke incidence over time seems to be driven primarily by a decrease in incidence of ischemic stroke in men and that the change in stroke incidence in women over the same period was not significant. These changes may have led to the nearly equal rate of stroke in women and men in 2010. Going forward, we plan to extend our analyses to confirm whether this pattern continues beyond 2010. Our current findings, in combination with our group's past work showing that stroke incidence is not decreasing to the same extent in black compared with white participants, 14 demonstrate that targeted stroke prevention efforts may be needed to effectively decrease stroke incidence (and thus mortality from stroke) across all demographic groups.
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